Objective: The objective of this study was to evaluate the ratio of dead space to tidal volume (VD/VT) as a predictor of extubation failure of children from mechanical ventilation.
Introduction
The extubation of children in intensive care units (ICUs) has important implications for the morbidity and mortality of a large contingent of patients who are critically ill or in postoperative care. Removal of the cannula by the intensive care specialist is among the main intermediate therapeutic objectives in patients admitted to these wards. 1 In all cases, opportunities for extubation should be evaluated in the light of the risks involved, both from early removal and from unnecessary retention of the cannula.
When extubation is too early, respiratory failure and death can occur. 2, 3 When extubation is late, length of time on mechanical ventilation and of stay in the ICU both increase, as do a number of severe complications, such as pneumonia, and the treatment costs. [4] [5] [6] Thus, the decision to extubate should be made on the basis of accurate, objective and reproducible criteria. This is not yet entirely possible, according to many authors and medical associations. 7, 8 Over recent years, many different controlled studies of adult patients have been conducted in attempts to identify objective and precise parameters and criteria that can determine the most suitable moment for withdrawing the respirator and performing extubation. Even with experienced medical teams, routine application of the clinical and laboratory criteria indicative of successful weaning still results in significant extubation failure and reintubation rates. Failure is reported in up to 17 to 25% of adults, depending on ICU profile. 4 In children, many clinical and laboratory parameters have also been evaluated with the intention of promoting more successful extubation. Nevertheless, actual results also indicate extubation failure rates of 10 to 28%. 9, 10 The ratio between dead space and tidal volume (VD/ VT) has already been used for the identification of pulmonary thromboembolism, 11, 12 in the management of chronic obstructive pulmonary disease (COPD), 13 for prognostic evaluation of acute respiratory distress syndrome, 14 to determine the presence of pulmonary dysfunction in adults with sepsis 15 and as a factor discriminating weaning off mechanical ventilation. 16 In children, although experience is less extensive, the VD/VT ratio has already been studied as a determinant of the severity of diaphragmatic hernia in newborn infants, 17 as a parameter indicating degree of lung injury in children on mechanical ventilation 18 and as a marker of lung damage in acute respiratory distress syndrome. 19 The objective of the present study was to evaluate the VD/VT ratio as a predictor of extubation failure in children on mechanical ventilation in a pediatric intensive care unit (PICU) of a general hospital. A VD/VT ratio cutoff point of ≤ 0.65 was evaluated using the chi-square test, with relation to extubation failure. Sensitivity, specificity and likelihood ratio were also calculated. Univariate analyses were then performed to identify relationships between clinical and laboratory variables and the VD/VT ratio using Students t test for unpaired samples. Potential correlations between the VD/ VT ratio and extubation success were evaluated using multivariate logistic regression to investigate those correlations between the VD/VT ratio and other parameters that had a p value < 0.25 in the univariate analysis.
Results were defined as significant if p was < 0.05. Ninetyfive percent confidence intervals (95%CI) were also calculated for all estimates.
Results
During the study period 250 children received mechanical ventilation in the PICU. Eighty-six of these were selected in accordance with inclusion and exclusion criteria and comprised the study sample. Forty-four of these 86 patients (51.1%) were male. Twenty-one children The mean VD/VT ratio for all cases was 0.62 (±0.18). Table 2 ). The results of the logistic regression are presented in Table 3 . In this table it The only predictive parameter associated with success-R was pre-extubation arterial pH. In this case, each 0.01 increase in pH above the mean determined a 13% increase in extubation success.
Discussion
As a predictor of extubation success, the VD/VT ratio was evaluated against two objectives to maintain the patient with no respiratory support whatsoever (success) and to avoid reintubation (success-R). A study in which Hubble et al. 23 It is important to point out, however, that the sample studied by Hubble et al. 23 consisted of 45 patients aged 1 week to 18 years, with mean age of 43 (±62) months.
Twenty-one of these were ventilated in postoperative care after elective surgery, 21 had acute lung injuries and three patients were trauma victims. Considering that the postoperative patients were in good general condition, with normal pulmonary parenchyma, it is possible that these factors favored successful extubation, even for patients whose VD/VT ratios were in the higher ranges. It is recognized that patients with more intense pulmonary damage on admission have greater difficulty with removal of respiratory support. 12 Nevertheless, if patients are capable of tolerating the gradual reduction of ventilator parameters, why are they unable to sustain themselves after extubation? It is possible that the processes that damaged the lungs so intensely at the start of mechanical ventilation are still the cause of significant structural alterations that maintain the patients at the limit of viability when the respirator settings are turned down. Once extubated, however, the patients are unable to sustain themselves due to these alterations affecting pulmonary function. Another possibility is that patients with worse PaO 2 /FiO 2 ratios at admission would be subjected to more intense treatment regimes, with more aggressive parameters ventilator settings, thus resulting in greater dysfunction of the thoracic musculature after extubation. This hypothesis was also suggested by Manczur et al. 29 who argue that intensity of disease could be a factor influencing extubation success.
Pre-extubation arterial pH had a significant association with success-R (p = 0.0259) in the multivariate analysis, with acidosis favoring failure. In the sample studied, for each 0.01 increase in pH, there was a 13% increase in successful extubation. While the changes in arterial pH are apparently minor, it is possible that this finding with the reintubated patients is linked to the occurrence of hypoxemia and metabolic dysfunction by the production of organic acids. This assessment is not referred to in currently available studies and needs to be reproduced in studies with larger sample sizes.
We conclude that, in a pediatric population receiving mechanical ventilation due to a variety of etiologies, the VD/VT ratio, with a 0.65 cutoff, was not capable of predicting risk of extubation failure or reintubation.
